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KtADING-INfflBIT AGENT optical discs that incoiporate first, second, third; fourth, and 

n,. ■ , , .. fiftn preferred embodiments of this invention, respectively 

FIGS. 11 and 12 are partial cross-sectional views of 
BACKGROUND OF THE INVENTION optical discs that incorporate eighth and ninth preferred 

This invention relates to machine-readable optical discs of 10 embodiments of *■* invention, respectively, 
all types, including for example digital discs such as com- FIG * 13 * a P lan view of «> optical disc that incorporates 

pact discs (CD's), digital video discs (DVD's), CDROMs a tenth P referred embodiment of this invention. 

me ^ ' nGS - 14 and 15 are partial cross-sectional views of 

Conventional optical discs have reached widespread °P tical dls cs that incorporate embodiments of the invention 
acceptance as a low-cost, reliable storage medium for digital 15 em P lo y m g galvanic cells. 

information including music, video, and data. One of the mG 16 is a partial cross-sectional view of a prior art 

traditional advantages of optical discs as their long life. compact disc. 

However, in some applications, the long life of the ™ G 17 is a partial cross-sectional view of a disc con- 
conventional optical disc may represent a disadvantage. For taining a reservoir, 
example, if music, movies or software is to be made avail- 20 . 

able for a limited time period, as in the rental period for DETAILED DESCRIPTION OF THE 

entertainment, the original optical disc must be' returned at PRESENTLY PREFERRED EMBODIMENTS 

the end of the rental period. The present invention can be implemented in many dif- 

A need presently exists for an improved machine-readable ferem wavs > and m e following discussion will describe 
optical disc that eliminates the need for the return of an 25 selected embodiments of the invention. These embodiments 
optical disc at the end of a rental period. are intended as examples only, and not as an exhaustive list 

SUMMARY OF THE INVENTION ?u ^3? ^ mvention can take - Generally speaking, 

A c me embodiments discussed below can be classified into two 

According to a first aspect of this invention, an optical groups. The first group uses a barrier layer to prevent 

disc comprising machine-readable, information^ncoding 30 premature activation of the reading-inhibit agent, while the 

features is provided with a barrier layer releasably coupled second group does not use such a barrier layer 

LZn^r rT*, IayCr A iS C ° nfigUred 10 P revent In «>is invention can be used with the widest 

, ^ A ^S-inhibit agent is possible variety of optical discs comprising ma2e 

tihie disc, and is activated by removal of the readable, information-encoding features. FIG 16 shows a 

S^h /J? ^ rea ^ : tnhibit agent is operative, after it 35 highly schematic cross section of an optical disc : sSTS a 

Both the barrier layer and the reading-inhibit agent can take is not drawn to scale; selected features LvTbeeleSr 
many forms, as discussed by way of example below. ated in size for clarity of lllum^^^^i 
According to another aspect of this invention, an optical includes a substrate 10 which is formed with an array of 
Oisc comprising machine-readable, information-encoding 40 information-encoding features such as pits 12 The surface 
S tt h proV1 ^ ed wi * a «adjng-inhibtt agent that is defining the information-encoding features 12 is covered 
activated by machine-reading the disc. This reading-inhibit with a reflective layer 14, which may be for example 
agent is operative, after it is activated, to alter the disc to formed of aluminum. The reflective layer' 14 is in turn' 
inhibit reading of the disc. In alternate embodiments, the covered with a protective layer 16 which protects the 
reading-inhibit agent may be activated by optical radiation 45 reflective layer 14 from oxidation and physical damage A 
incident on the disc during machine-reading of the disc, or reading beam aligned with the arrow 18 is incident on the 
by rotauon of the disc during machine-reading of the disc. surface of the substrate 10 opposite the information- 
According to a third aspect of this invention, a method is encoding features 12. This reading beam passes through the 
provided for inhibiting reading of an optical disc. According substrate 10, is reflected by the reflective layer 14, and then 
to this method, an optical disc is provided comprising 50 Passes out through the substrate 10 for detection Features 
machine-readable, information-encoding features, and a 10-18 described above are completely conventional As 
reading-inhibit agent. The reading-inhibit agent is activated used herein, the term "information-encoding features" is 
by optical radiation, and is operative, once activated, to alter intended broadly to encompass the widest possible range of 
the disc to inhibit reading. A reading device is provided to such features, regardless of the particular encoding mecha- 
read the disc, and this reading device comprises a source of « nism or reading beam interaction mechanism that is used 
optical radiation. According to the method of this invention, Embodiments that Utilize a Barrier Layer 
the disc is read with the reading device, and the inhibit agent The following embodiments of the invention utilize a 
is concurrently activated with optical radiation from the ba rrier layer to prevent activation of the reading-inhibit 
source. The source of optical radiation that activates the agent until the barrier layer has been removed FIGS 1-3 
reading-inhibit agent can either be the source of optical 60 show three different types of barrier layers that can be used 
radiation that forms the reading beam, or a second source, In FIGS. 1-3, the reference symbol 20 is used to depict the 
separate from the reading beam source. optical disc, which includes information-encoding features 

BRIEF DESCRIPTION OF THE DRAWINGS 22 ° n " Pper surface of * e disc ' m the orientation shown 

HGS. i ^ 3 partial yiews of 65 

jtabnr .avers suuable for use in embodiments of mis adhesive) adjacL the suiace of *£%Z U 5SS 

carries the information-encoding features 22. In the embodi- 
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ment of FIG. 2, the barrier layer 26 is releasably secured to Ai->AT 3 +3e -(oxidation), 

the surface of the disc 20 opposite the surface that carries the 

information-encoding features 22. In the embodiment of AI* J +30H--»AKOH>., (compound formation). 

FIG. 3, the barrier layer 28 is formed as a closed package n,. „ • A ^ r . 

which completely seals the optical disc 20 from contact with , ? ox,datlon of * e aluminum metal is balanced by a 

ambient oxygen and moisture. In this case, there is no need reductl0n action such as the following: 
for the barrier layer 28 to be adhesively secured to the disc n*w(kv^nu-/!.. .. . , 

?ft A„ , , l- . . . . U ; +iH,0+2<; ->40H (in neutral or alkaline so luuons). 
20. As used herein, a barrier layer which is releasably 

coupled to an optical disc may be coupled adhesively as 2ir+2»--»H,(in acidic solutions), 
shown in FIGS. 1 and 2, coupled by enveloping the disc as 

shown in FIG. 3, or coupled in any other way that reliably 10 corrosion reaction typically involves an electrolyte film 
associates the barrier layer and the disc prior to removal of on me surface of me aluminum to form an ionic path 

the barrier layer. * between the oxidation and reduction sites on the aluminum 

As pointed out below, the reading-inhibit agent can take surface. In the example of atmospheric oxygen, a film or 

many forms and can be applied at many different places on ,a y er of water on me surface is one suitable electrolyte. The 

the optical disc 20. Depending upon the reading-inhibit 15 rate of coiTOsion will be influenced by the availability of the 

agent used and its location, the position and physical and oxidizing species (e.g. oxygen or hydronium, H+), the 

chemical characteristics of the barrier layer 24, 26, 28 can be addition of soluble salts to influence the conductivity of the 

selected as appropriate. electrolyte, the addition of chlorides to alter the stability of 

It is not essential in all applications that the barrier layer the normally protective aluminum oxide film pH buffers to 

cover an entire surface of the disc 20. If the reading-inhibit 20 influence the stability of the normally protective aluminum 

agent is localized to a particular portion of the disc, the oxide layer or to influence the reduction reaction or the 

barrier layer may cover only an area adjacent to and aligned addition of complexing agents to dissolve protective alumi- 

with itfiat portion. Preferably, the bairier layer should prevent num oxides or to keep aluminum corrosion products in 

machine-reading of the optical disc until it is removed. solution. Such salts and other complexing agents may be 

Readmg-Inhibit Agents that Disrupt Readability of the Opti- 25 deliberately added in a layer of material placed next to the 

cal Disc by Controlled Degradation of the Reflective Layer aluminum layer. Addition of a hygroscopic material and 

A first type of reading-inhibit agent disrupts the reflec- salts to this layer can also aid in collecting atmospheric 

tivity of the reflective layer in optically read discs to such an moisture for subsequent release as liquid water solution at 

extent that the encoded data is rendered unusable. By the Corrosion reaction site. The hygroscopic material or salts 
disrupting the readability of the disc at a known time after 30 effectively lower the dew point of the aluminum surface the 

the mitial use of the disc or after removal of the barrier relative humidity at which a liquid film forms on the metal 

layer, the practical usage lifetime of the disc can be limited surface. 

and controlled. Cupric and ferric chloride are specific examples of oxi- 

The reflective layer 14 that is conventionally used in dizers that may be incorporated into an electrolyte layer next 
optical discs is typically formed as a thin film of metallic 35 to the aluminum layer to accelerate coirosion of the alumi- 

aluminum. This aluminum film can be corroded by exposure num. These, materials offer several advantages. If the metal 

to an oxidizing environment to such an extent that the film cation is reduced to the metallic state in the oxidation 

no longer has sufficient reflectivity to support optical reading reaction, the metal (e.g. copper or iron) deposited on the 

ot the disc. For example, water and oxygen from the aluminum surface forms local cathodes that can accelerate 
atmosphere can form a suitable oxidizing environment for 40 corrosion of aluminum in adjacent areas. If the metal cation 

such an aluminum film. The rate and timing of the corrosion is not completely reduced to the metallic state, the cuprous 

ot the aluminum film can be controlled by several or ferrous species may react with oxygen to restore the 

approaches, including control of the concentration of an oxidizing power of the solution. 

FIG. 4 shows one preferred embodiment of this invention 
dissimilar metal couples, and introduction of chemical spe- 45 which includes a substrate 10 and a reflective layer 14 as 
cies to control solubility of aluminum. For example, in die described above. In this case, an electrolyte layer 30 is 
case where atmospheric oxygen is the oxidant, a porous applied adjacent to the reflective layer 14. The electrolyte 
polymer film may be placed over the aluminum film to layer 30 contains substances which aid the corrosion 
provide known permeability characteristics for moisture and reactions, such as hygroscopic salts, pH buffers, complexing 
oxygen from the atmosphere as it migrates to the aluminum 50 agents for aluminum, and the like. The electrolyte layer 30 
him. In this case, corrosion can be substantially prevented is in turn covered with an outer layer 32 of a material which - 
by a barrier layer such as the barrier layer 24 of FIG. 1 or is permeable to environmental moisture and oxygen The 
the barrier layer 28 of FIG. 3 until the barrier layer is permeable layer 32 is in turn initially covered by a barrier 
removed prior to initial reading of the optical disc. layer 24 as described above. The barrier layer 24 prevents 

A key feature of optically read discs is the use of a 55 oxygen and water from reaching die permeable layer 32 
reflective layer 14 as described above to reflect light from during storage and transport. When a user wishes to read 
me interrogating tight source, generally a laser operating information from the optical disc of FIG. 4, the user removes 
with a principal wavelength in the visible portion of the the barrier layer 24. Oxygen and water vapor from the 
spectrum, to the detector. The reflective layer 14 is most atmosphere then diffuse through the permeable layer 32 at a 
generally composed of metallic aluminum which is depos- 60 controlled rate. The water vapor can be, for example 
°I? t0 c , ^°™ atl0n - encodin g Matures by sputtering a collected by hygroscopic materials in the electrolyte layer 
very thin film. This thin film is approximately 55 nanometers 30, and subsequently made available to aid in the aluminum 
in thickness in conventional compact discs. corrosion reactions discussed above 

Conventional reflective layers are subject to corrosion Based on typical corrosion rates for aluminum and an 
reactions involving oxidation of the metallic aluminum and 65 assumed reflective layer thickness of 55 nanometers the 
subsequent formation of aluminum compounds such as reflective layer may be degraded adequately to prevent 
hydroxy salts which are not reflective: machine-reading of the optical disc in, for example, 1 to 100 
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hours after removal of the barrier layer 24, depending upon 
the availability of moisture, and the parameters of the 
electrolyte layer 50 and the permeable layer 32. 

Table I illustrates the relationship between the corrosion 
rate hom the rate of aluminum film removal L, and the time 
V55 „n,) to corrode 55 nanometers of aluminum. In Table 1 
L is estimated using Farady's law. 



TABLE 1 


*COfT 

(uA/cm2) 


L 

(mn/hr) 


*<55 runt 

(Hours) 


0.1 
1 

10 
100 


0.1 
1.2 
12.4 
124.4 


442.3 
44.2 
4.4 
0.4 



If desired, metallic films or pieces of a more noble metal 
(for example a metal such as copper or silver, or carbon) can 
be placed in electrical contact with an aluminum reflecting 



migrate through the permeable layer 36 and come into 
contact with the reflective layer 14 in order to initiate a 
controlled corrosion process. This embodiment is less sen- 
sitive to the availability of atmospheric moisture than the 
5 embodiment of FIG. 4. 

From the foregoing it should be apparent that the reading- 
inhibit agent can take many forms, including electrolytes, 
oxidizing species, various elements more noble than the 
reflective metal, and permeable films that control the rate at 
10 which atmospheric oxygen and water reach the reflective 
layer. In various embodiments the inhibit agent can take the 
form of films, or it can be contained in various ways 
including by use of microcapsules. 
The following paragraphs detail test results related to the 
15 use of hygroscopic salts, placed on an aluminum surface to 
pick up water from the atmosphere and form an electrolyte 
film. The hygroscopic salts may be sufficiently corrosive by 
themselves, or alternately they may be used in conjunction 
with other salts and complexing agents to provide the 



as described above or other suitable oxidizine srLieffn anoHed in rh. ZlZZZzJft 3r_^?. m P referably 



apphed m the anhydrous form to the surface, and are then 
protected by a barrier to exclude moisture from the salts 
Activation of the corrosion process occurs when the barrier 
is removed. 

The corrosion approach is based on the principle that a dry 
salt will come to equilibrium with its environment In the 
process of coming to equilibrium, the salt can either 
dissolve, to form an electrolyte solution, or become drier. 
Table la lists the humidity above saturated solutions of 



as described above or other suitable oxidizing species In 
this case the galvanic couple due to the presence of the more 
noble element will result in more rapid and directed corro- 
sion of the aluminum reflecting layer 14 than would other- 
wise occur in the absence of that second, more noble 25 
element. 

Additionally, if desired the reflective layer 14 can be 
sputter-coated in such a manner that the reflective layer 14 
itself includes more noble elements such as copper in the - rahU i i 

reflective film itself. The aluminum alloy film will have a 30 , , humidity above saturated solutions of 

higher corrosion rate than a purer aluminum film due to the several sa ^tn * closed environment. If the salt is placed in 
formation of localized cathodes at the sites of the more noble *"* , juf 1 ^ huaudiiy than the table value, it will pick up 
elements. water - " the humidity is lower than the table value the 

FIG. 14 is a schematic view of an optical disc 80 which ^TT ^ ^ WatCn Salts ^ in mis application 
includes an aluminum layer 82 and a copper laver 84 is magnesium chloride and quaternary ammonium 

separated by an electrolyte layer 86. T^e metaUayers 82, M ^ e chlondes - 
may be configured for example as a conventional two-sided 
DVD to encode information, and the copper layer 84 pro- 
vides sufficient reflectivity for conventional reading The 
metal layers 82, 84 are connected electrically in any con- 40 
vement manner, for example by a metal foil 88 or a 
conductive adhesive (e.g. an epoxy filled with carbon, silver 
or copper particles). The three layers 82, 84, 86 and the foil 
88 form a galvanic cell, in which the aluminum layer 82 is 
the anode that corrodes relative to the more noble metal The 45 
electrolyte layer 86 provides ionic continuity between the 
layers 82, 84, while the foil 88 provides electronic contact 
FIG. 15 shows an optical disc 80' that is similar to the disc 
80 of FIG. 14. Primed reference numerals are used in FIG. u, u^.uin pnosonate n np> - fl HH^ ■ 

14. In FIG. 15 the area of the copper laver 84' is «r tions of either KOH or TSpI ^S^^^y 

dissolved the aluminum film. With these aggressive salts 
complexing agents, such as citrate, were not needed to 
remove any passive films on the aluminum. 

Further, tests were conducted by placing the salts onto the 
unprotected aluminum layer of CDs. Some of the CDs were 
then left exposed to room air while others were placed in 
desiccators with relative humidities of 20% and 8.5%. The 
relative humidities in the desiccators were controlled by 



TABLE la 

■Humidity Above Saturate d Solutions of Various Sails 

% Humidity 




H 3 PO 4 .l/2H,0 
LiCl.H 2 0 
KC 2 H 3 0. 
PKN0 3 ), 



24 
20 
20 
20 



9 
15 
20 
98 



Lithium chloride and potassium acetate were tested as the 
candidate salts. To these, either potassium hydroide (KOH) 
or tnsodium phosphate (TSP) were added to increase the 



14. In FIG. 15 the area of the copper layer 84' is greater than 
the area of the aluminum layer 82' to increase the aluminum 
corrosion rate. Also, openings 90' are provided through the 
copper layer 84' and the adjacent polycarbonate layer 91 to 
further increase the aluminum corrosion rate. Preferably the 55 
openings 90* are located in an area of the disc 80' 'not 
containing stored information, such as the central portion of 
the disc 80*. 

*a^^"xy^td^a^^tS^ n,S « "— " ™ de ™ were conned by 

species. ^c^ZZ^ZmoT^^^ ™ J^?"**? ** e *« ifc of the sulfuric 

can be provided 'between the ban! I^TTST ml u£ "SStf " **" 
permeable layer 36. These microcansules Ln ™ n ^„ t Dunng mese e *Penments, ambient relative 

suitable oxidLg specte^SSS bTuS tl^ ™ g ^ 2 ° * 30 Four sa,ts were 

removal of the b^yerM Z^'ltfZZeTte 65 S25T T** ^ ^ Ch '° nde ^ 
microcapsules 34, thereby releasing electrolyte 2T n ?L™, f d . were * shown in Table lb: The 

into th/permeab e layer 5 22 T*"??"" ? ™ S ° ,Uti ° n ° n me surface 

y ine electrolyte md OMdant depended on the amount of water that was absorbed. 
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SALT 

KAc (4 grams) 
UQ (4 grams) 



TABLE lb 

Salts Mixtures 

TSP 

Ulgor.Ug 
1.31 g or 0.13 g 
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TABLE 2 



Compound 



Color Index Number 



KOH 

0.58 g or 0.06 g 
0.58 g or 0.06 g 



Indigo Carmine 
Methylene Blue 
Thionin 
Gallocyanine 



73015 
52015 
52000 
51030 



When LiCl was placed on the disc's aluminum surface 
under ambient conditions, droplets of water formed on the 
salt mass within 30 minutes; with KAc it took 3 hours. The 
water droplets formed with LiCl were clearly visible to the 
unaided eye; the droplets formed with KAc could be 
observed with the use of a magnifying glass. After these 
samples were allowed to stand overnight, the aluminum with 
LiCl showed partial corrosion, while the aluminum with 
KAc was intact 

The tests also showed that KOH alone was highly hygro- 
scopic and corroded the discs under all conditions. Within 
the limitations of existing equipment, under the driest con- 
ditions KOH corroded the aluminum surface in all tests The 
water retained in the KOH was sufficient to corrode the 
aluminum surface, even when a glove bag was used to apply 
the KOH, and a dry desiccator was used to store the sample. 

At 20% RH, the LiCl (alone and in mixtures) continued 
to form water droplets on the disc surface and to attack the 
aluminum. In the 8.5% RH desiccator, visible water droplets 
did not form, in agreement with the table values. 

TSP did not attack the aluminum when placed on the 
surface by itself, even under ambient conditions. TSP was 
not sufficiently hygroscopic to form an aggressive electro- 
lyte film. However, when used in conjunction with LiCl at 
20% RH, enough water was picked up to form an aggressive 
solution, which attacked the aluminum. A mixture of LiCl 
and TSP did not attack the aluminum in the 8.5% RH 
desiccator (no breakthrough after four days). 

These tests demonstrated that the corrosion process can be 
activated by ambient moisture down to at least 20% relative 
humidity, and probably down to 15% based on published 
values for LiCL Other salts or drier KOH may allow one to 
go to even lower humidities. 

Reading-Inhibit Agents that Operate by Absorbing Optical 
Radiation of the Reading Beam 

The digital video disk (DVD) format uses a 650 nm laser 
to read information from the disk. If this reading beam is 
absorbed to a significant degree, the return signal from the 
disk is attenuated. By including a light-absorbing material in 
the disk, it is possible to attenuate the reading signal enough 
to prevent the disk from being read. Preferably, the light- 
absorbing material is strongly absorbing at the wavelength 
of the reading beam. Many compounds absorb at 650 nm, 
and they usually appear blue or green in color. 

In order to allow the disc to be read on its first use, the 
light-absorbing material is initially nonabsorbent at the 
wavelength of the reading beam. Over time, for example 
four to 24 hours, this light-absorbing material becomes 
absorbing at the wavelength of the reading beam in response 
to some environmental stimulus. One approach is to use a 
compound for the light-absorbing material that is initially 
colorless, but which oxidizes to a new compound which is 
colored upon exposure to oxygen in the atmosphere, or some 
other oxidant Many compounds are known which exhibit 
this behavior. Four compounds which may be particularly 
appropriate are given in Table 2 (in their oxidized form) 
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The colorless precursor to the light-absorbing material is 
incorporated in the optical disc somewhere along the path 
taken by the laser light of the reading beam. For instance the 
colorless precursor can be compounded within the material 
(typically polycarbonate) that makes up the substrate 10 or 
15 the colorless precursor can be included in a coating on a 
surface of the substrate 10. 

Preferably, the rate at which atmospheric oxygen reaches 
the colorless precursor is controlled in order to render the 
optical disc unreadable at a selected time after the barrier 
20 layer is removed. The rate at which oxygen reaches the 
colorless precursor should be selected such that the optical 
disc can be read at least once before sufficient color is 
generated to make the optical disc unreadable. The rate at 
which oxygen reaches the colorless precursor should be high 
25 enough to ensure that the optical disc becomes unreadable 
within the desired time period (for example four to 24 
hours). Various methods can be used to control the rate at 
which oxygen reaches the colorless precursor. If the light- 
absorbing compound is contained within the body of the 
30 substrate 10, the amount of the absorbing compound can be 
adjusted as appropriate for the application; higher loadings 
will result in quicker obscuration. The rate at which the 
absorbing compound becomes absorbing to the reading 
beam can be lowered by lowering the concentration of the 
35 absorbing compound in the substrate, or by applying an 
outer coating to the substrate which acts as a semipermeable 
oxygen barrier. 

Alternately, the absorbing compound can be placed as 
shown in FIG. 6 in a layer 38 on a surface of the substrate 
40 10. The rate of the oxidation reaction Can be controlled in 
this case by choosing a matrix such as a suitable polymer for 
the absorbing compound layer having the appropriate barrier 
properties. Alternately, an additional coating layer can be 
employed over the absorbing layer, and this additional 
45 coating can act as a semipermeable oxygen barrier which 
allows oxygen to reach the absorbing layer at the desired 
rate. 

As shown in FIG. 6, a barrier layer 26 is used to protect 
the absorbing layer 38 from atmospheric oxygen during 
50 storage and transport The barrier layer can also take the 
form of an air-tight package, as shown in FIG. 3. 
Reading-Inhibit Agents that Operate by Altering Physical 
Dimensions of the Optical Disc 
Certain embodiments of the invention use a reading- 
55 inhibit agent which alters its physical dimension when 
activated. A superabsorbing polymer is one such material, 
for example a polymer or copolymer containing a carboxylic 
or alcohol moiety. For example, a water-absorbent resin may 
be formed from a cross-linked polymer or a copolymer of 
60 acrylic acid, methacrylic acid, methylacrylate-vinylacetate 
starch-ethyl acrylate, starch-acrylonitrile, carboxymethyl 
cellulose, ethylene oxide, vinyl alcohol, acrylamide, and the 
like. 

Such materials can be used in several ways to make an 
65 optical disc unreadable, for example as the material absorbs 
ambient moisture. The absorption of such moisture creates a 
volume change in the material, which can be used to cause 
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a combination of any of the following effects to prevent is l™, Th* ™a 

readmg: domination, a change in the refractive index or a r»lS ™ e / ed ? )osmon V"**™ may also include a recrys- 

change in spinning characteristics tal,Z f on of a 8 lass y mating layer. This redeposition results 

For example, as shown in FIG. 7, a superabsorber laver42 ,h/,w 5? ns 1 parent .f d ' * e !? fore less readable surface on 

can be placed between two digital videodisc suta^ s i f f 7* ^ ' 2 ° f RG 10 can inc,ude microencap- 

Tbe entire digital video disc is men promote S tf„ ! d £ !i"? V 6 ? f 3 * " hich wUI rapture °n ^moval of the 

encapsulating barrier layer 28 similar to that shown aZveln burner layer 26. 

. FIG. 3. When the barrier layer 28 is removed aSent ISu V e re ^ Read ^ ,nhibit A ^ 

moisture is allowed gradually to reach the suDerabsorher if 

layer 42. As the superabsorber layer absorbs moS T^l ,o j£ T. ° W 3b ° Ve ' * is not essential in M embodi- 

increase in volume, thereby causing the dYgiS vtS dS ^Kf t* ? ^ ** Rather ' in some 

delaminate and preventing further reading^^c T^H ^ ^ ° f readin S ** activates 

In the example of FIG. 8. a superabsoL layer 44 is ^atedwlt'j? ! **T ** ° ptical radia,i °" 

placed on the readable surface of a digital video disk 4(1 Tin ™T * S ° re3din8 ' or rotation aviated with disc 

this superabsorber layer is protected by a bluier fc^r ^ ,s "^"l 03,1 1*"? me reading-inhibit agent. 

When the barrier layer 26 is removed me^-raTo^ , ^"J" HG 12 °ne such embodiment includes an 

layer 44 will absorb ambient S J £^ 54 J hich , "■**» a reading-inhibit agent £ 

volume. This volume increase causes a sigmfic Jt ch^e n « ff k SUrfaCe - In 1,1,5 Case ^ding-inhibit agent 

the refractive index of the material, whicSdeTs 2£j ** wheB aCtivated by - W* 
video disc unreadable. 8 ^ ,„ ° ptlcal rad «ation, is suitably changed in optical or physical 

As shown in FIG. 9. a superabsorber layer 48 mav be ^^''"^^^^"'^"eadingofthedisc.The 
placed eifter partially or completely around a spYndT hot T" r ^ * <fis P ased in ,he bulk 

46 of the digital video disk 40 This superabsort«r laver 48 ar S ^ T f °/ eX3mp,e chan S e from cl «ar to opaque 

use. When the banier layer is removed ambien Si T ! , .T" 1 radla,,0n - As shown in RG - U the disc 54 

will gradually cause the superabsorberlaye^ to expandTf IK?."' * wto 58 readi " 8 device 58 

the superabsorber layer 48 is placed as shown m RG 9 th s £S.V? T?* ^ SUCh 35 3 ,aser 60 mal <«•«* 

can cause the spindle hole 46 to assume an 2'cenrtc from £ I 62 54. Returning radiation 

position, thereby rendering the optical disc^nSSe riZ, f ,S , Se " Sed by a «• in conven- 

r Alternately, if the superabsorber layer 48 Send^utSl » ftS ^ ^ embodime '«' wading device 58 

dally around the spindle hole 46, Jsuperabsorttr kve^" !S adad %* tea ^ ^cal source 66. The second 

may expand to the point where the sphtdk tite 46 is tS T T 6 ° f degrades ^ opticaJ 

smaU to fit on the spindle of the reading devS 0r ^ efleCtl °" t0 read * e The second 

HG. 10 shows another embodiment in which' the suoer 3 conventiona l source such as a high 

absorber layer 50 is mounted near the outer rim of me Sal" 3 s T 2!^™ ^ C3ndescent bulb - a fluorescent lamp, or a 

video disk 40. As before, the superabToZ laver 50 t S t* f u ^ radiation from * e second «nnce 

initially protected by a barrier layerTnot £ HG^oT ^ f readUl S i « hibit agent 56 to inhibit 

Once the barrier layer is removed, d,e supSteib^ iavw s^t ^7 8 ° f ^ ° f * e disc »• ™ e sec «nd 

50 absorbs atmospheric moisture, thereby SSg Se Sc „ri m "t SUCh * 3t ^ SeCOnd SOurce 62 does 

sufficiently out of balance to prevent reuabteSnT M not.Uuminate any portion of the disc 54 until after that 

In all of the examples discussed above, me Ta^ "which P Talte^f ^ ^ by ^ ^ team 6i 

the super-absorber layer absoibs moisture can be modified in^ TT , embod,ments * e rea ding beam 62 itself may 

byplacmgasenup* m eab!ebamerover^ T chan8e l s in ^ read inhibiting agent 56, 

of the superabsorber layer. Tbis bamer can r^Z Z ^ Glspensin g w ^ ^ need for the second source 62. 

diffusion of ambient moisture to (he supe^bsorbTLer 4S f«r^ , * SKOai S0Urce 62 is used - * e need 

which in this way controls the time pJod^g whSe cZ*Z aratere ^ ad ^ bi « ^56 may be eliminated. In this 

optical disc is readable after the barrier las been ^ k ^ 66 m3y for examp,e te a P^ively 

removed. r l3yer h3s been q;swtched microchip laser focused on the surface of the 

Reading-Inhibit Agents that Operate by Scattering the Read J?®** f *Jf ,3Ser " to mattering centers by 

ing Beam ^ y acattem, g me R ead- ablaong the read surface of the disc. The scattering centers 

As discussed above, a laser beam is typically used as a b7^61 transmission of me ^ to the reading 

reading beam for optical discs. If the reading beam* T.iZ 

scattered or otherwise attenuated to a significant LsnTthe ;„ ! * ^ °* SeCOnd Source 66 should «« interlocked 

disc cannot be accurately read. For 3 ^ * at ^ VentS COnsumer tampering, and should track 
FIG. 11, a digiud video dL 40 ^b^^X£SZ 55 disc W ^ S0 2 "* *° T*" ^ Ae Wtial re3di " 8 of * e 

52 that includes a material such as a J^Sjwi alter ^ 8600,1(1 " ouree 62 k of sufficient P<» w er to 

the optical characteristics of the adiacen, m Z7; f™^ ™ 6 3b,atm 8 action bribed above, access to the 

digital video disc 40. For example, a ,£2^ Spread ^ ta - 

to solvent is known to craze, i.e. to form a diffuse opaque nc n l . *, 

film or layer, which scatters the reading beam SuSte « i„h«S' a f T u 3 "^ embodim ent having a reading- 
solvents include organic liquids or vapoK sucHs acetyl ?f? 1 ^ 15 3CtiV3ted by act of readin 8 *e 
xylene and the like Depending upon S^J^Sl Inth ! scasean optical disc 70 includes a reservoir 72 
solvent and the exposure fiS^S^Si TT^f ' rcadin8 - inhibit such as a suitable 
transparency can be obtained. Other coatingsTn addition to S fi reSe ^ 0,r ?2 mdudeS ^ 74. When the 
polycarbomues can exhibit me same e£ bST b » 65 ^ d ""J"** l ° te read - solvent passes «" of 
slight dissolution in an o^anic sol vent followed hv^ reservo f ,r 7 , 2 v,a ^ opening 74, and in this way a small 

sition on the surface of thedisc as EJ£l2JS£!£ SSS Y 6 ' 63 ^ to me disc - ^ <=an 

solvent evaporates or degrade the optical characteristics of the disc, as discussed 



